In Saskatchewan, there are about 2,650 groundwater abstraction licenses with a total annual allocation of 145,600,000 m 3 (145,600 dam 3 ) [4] . The Saskatchewan Research Council (SRC) has operated an observation well network since 1964, with most wells being constructed between 1964 and 1970 . Wells established during this period were intended to monitor natural groundwater levels and variability in aquifers not subject to anthropogenic influences such as production and artificial recharge. Beginning in 1988, the Saskatchewan Watershed Authority (SWA) started to also monitor wells influenced by human activities. At present, the observation network has 72 active wells, of which 54 are monitored by the SRC and 18 by the SWA. Wells are equipped with automatic water level recorders or dataloggers that allow continuous monitoring of groundwater levels [5] .
Monthly median and daily average water level measurements were obtained for the SWA observation well network. The data has been corrected to manual measurements and barometric pressure. Median monthly and daily average data was calculated from hourly recordings using the digital water level recorders. Where gaps existed in the dataset for median monthly values, linear interpolations were used to estimate missing levels. Average annual groundwater levels at each site were taken as the average of all median monthly groundwater levels for the respective years. Only years with complete median monthly groundwater levels (measured and/or interpolated) were used in the analyses.
Details on the 54 groundwater monitoring stations under study are provided in Table 1 . Locations of the stations are shown in Figure 1 . Average groundwater type (major ion signature) and quality (as total dissolved solids [TDS] ) is also given for each station. Four of the stations did not have groundwater quality data available. Among the remaining 50 stations, the groundwater type varies from calcium-bicarbonate (n=12), calcium-sulfate (n=4), calcium/magnesium-bicarbonate (n=6), calcium/magnesium-sulfate (n=7), magnesium-bicarbonate-sulfate (n=1), magnesium/calcium-sulfate (n=1), sodium-bicarbonate (n=6), sodium-bicarbonate-sulfate (n=1), sodiumchloride (n=2), sodium-sulfate (n=8), to sodium-sulfate/chloride (n=2).
Average TDS values in the groundwater range from 240 mg/L (Beauval [calcium-bicarbonate] ) to 8300 mg/L Lilac displays a sharp increase during the 1980s and 1990s, followed by stable levels during the 1990s and a sharp decline-and-reverse trend during the 2000s. Meadow Lake had a slight decline during the 1990s, a sharp decline between 2000 and 2004, with apparently stable levels after this time. Similarly, Melfort saw an increase between the late-1960s and mid-1970s, followed by a continuous (but variable) decline up to 2004, after which levels rose rapidly to equal the maximum that existed during the mid-1970s. Nokomis appears to have had increasing levels from the late-1960s to mid1970s, with a subsequent decline until the mid-1980s, followed by increasing levels back to the mid-1970s maxima at present. Levels at Saskatoon increased between the late-1960s and the mid-1970s, then stabilized until the mid-2000s, and have sharply increased over the past five years. Simpson 13-04, Simpson 16-05, and Swanson appear to have experienced declining levels from 1970 to 1990, after which levels appear to be increasing to levels at present near or above previous maxima.
For the 37 remaining stations, statistical analyses of average annual groundwater levels were conducted using the nonparametric Mann-Kendall test for the linear trend and the nonparametric Sen's method for the magnitude of the trend [8] [9] [10] . Details and linear trends (where significant at p<0.05) are provided in Lake, Garden Head, Regina 530, Riceton, Shaunavon, Stenen, Tyner, Unity, Warman No. 2), and six stations have significantly decreasing groundwater level trends (Atton's Lake, Fife Lake 002, Hague, Hearts Hill, Smokey Burns A, and Verlo). The suitability of applying linear trend analyses for many of these stations is unknown given the large variability in the underlying dataset. A spatial map of the trendings, including those estimated visually by nonstatistical methods as discussed above, is shown in Figure 3 . There appear to be no spatial clusterings of trend directions. Regions with co-existing increasing, decreasing, or no observable trends in groundwater levels are located throughout the province.
The time trends at Estevan No. 1/2 and Outram also allow for statistical trend analyses of the pre-pumping and post-pumping recovery periods (Figure 4) . The recovery periods for both wells can be adequately fit using a logistic function with three parameters of the general form y(x)=a/(1+ ((x-1993 At both stations, a decline in groundwater levels existed between the start of the hydrological records (1966 at Estevan 1/2, and 1967 at Outram) and the initiation of pumping in 1988, which can be well-described using a linear function of the general form y(x)=a+bx, where a and b are constants, y(x) is the groundwater level in masl for year x, and x is the year:
Estevan: y(x)=636.88-0.0395x; r=-0.864; p<0.05 Outram: y(x)=595.10-0.0205x; r=-0.655; p<0.05
If the pre-pumping linear decline is extrapolated, it intersects with the projected recovery curve in the year 2055 at Estevan 1/2 and in the year 2038 at Outram. The projected recovery curves at both sites reach the corresponding groundwater levels at the start of the available hydrogeological records in the years 2120 and 2100, respectively. Extension of the projected recovery curves to an infinite length yields estimated groundwater levels of 568.68 and 564.93 masl at Estevan 1/2 and Outram that are 14 and 16 meters above the respective start-of-record levels of 554.98 and 558.89 (for comparison, ground surfaces at the two stations are 577.82 and 577.65 masl, respectively). The recovery period at the Vanscoy station is too short (n=4) for a similar analysis.
We note that although groundwater levels at the Estevan No. 1/2, Outram, and Vanscoy stations are considered increasing due to their recent temporal trends, all three stations have current groundwater levels below their predisturbance values. As noted previously, other stations also have recent trends (or absence of trends) and/or absolute groundwater levels that potentially conflict with prior trends and/or historical levels at each location. Thus, while some stations have recently increasing trends, the current levels may still be below the historical average, and vice versa. Overall, the large majority of areally distributed stations throughout Saskatchewan with increasing groundwater level time trends suggests that this hydrogeological resource is growing in quantity and is not under current threat from depletion. Figure 3 . Map of groundwater level monitoring stations with decreasing (red circles) or increasing (green circles) temporal trends, or no temporal trends (blue circles), as well as cities and towns throughout the region. . Statistical analysis of pre-pumping and post-pumping recovery period average annual groundwater levels at the Estevan 1/2 and Outram monitoring stations.
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